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Abstract—This project is completed by four 
biomedical engineering senior students as part of their 
senior design project. The students worked with a non-
profit organization in Ukraine that provides 
wheelchairs/strollers to families of disabled children who 
cannot afford them. This organization’s current 
preferred solution is a baby stroller. The requirements 
for this project include the design of a wheelchair that is 
cost efficient, light and collapsible to be used for children 
ages up to thirteen years old. A beta prototype  of the 
wheelchair was created by modifying a basic wheelchair 
that we purchased. These modifications include adding a 
headrest that is adjustable and provides sufficient 
support for children within the age group given to us and 
diverse levels of disabilities. Other additions also include 
a four point seatbelt for the users safety, side support 
that will be easily collapsible with the wheelchair and 
methods or transport of the wheelchair once its collapsed 
such as a handle and backpack. CAD files were created 
for every part and assembly of all parts of the wheelchair 
using Solidworks. These CAD files are sent to the non-
profit organization along with the beta prototype. 
Keywords—wheelchair, wheelchair design, 
engineering design, biomechanics, biomedical engineering  
                                                                                                                                      
I. Introduction  
Wheelchairs are crucial to approximately 100 million 
people around the world including children 
(Wheelchair Foundation, 2020). Many of these 
children reside in countries where there is a shortage 
of leading medical technology. This  creates a 
tremendous need for numerous pediatric wheelchairs 
that are lightweight, low-cost, and durable. A simple 
design of a wheelchair that is the weight of __  pounds, 
fully collapsible, durable and portable by handle and 
backpack straps was created using the FDA design 
process. This medical device was created for a non-
profit organization stationed in Ukraine that provides 
wheelchairs to families with children in need. 
                                                                                                                                      
II.   Design Requirements 
The user needs include durable wheels built to handle 
rough terrains, easy maneuverability, safety restraints 
for the child user, comfortable material for prolonged 
use, device weight of up to 50 pounds, easy portability, 
capacity of up to 100 pounds and 13 years of age. 
Other minor user needs include adjustability to the 
headrest, reversibility to the seat, easy detachment of 
the wheels, presence of a cupholder and removability 
of an eating tray. Engineering requirements were 
derived from the user needs that were obtained from 
the client. They include compact dimensions, 
collapsibility of the wheelchair, lightweight, 
maneuverability, breathability and durability of the 
material, safety constraints for the user, frame strength 
and portability. Using the user needs, engineering 
requirements and other tools such as failure mode and 
effect analysis to create CAD parts and assembly 
drawing for design of the wheelchair to then be able to 
create a bata prototype. This prototype then tested 
against the user needs to verify verification. Later for 
validation of this medical device, validation testing 
was performed against engineering requirements. 
                                                                                                                                
III.  Approach        
Brief description about how the project was 
carried out, what design process was used, how did 
we solve major problems, where work was done, who 
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helped, etc. The project team approached our 
assignment strategically and worked diligently week 
in and week out to stay up to date with the 
development of the wheelchair. Starting in September 
of 2019, the group began a five stage design process 
to carry out the scope of the project. 
● User Needs - The team acquired the client 
requirements and developed engineering 
requirements.  
● Design Input - Performed a conceptual risk 
assessment, created technical requirements, 
formulated a QFD chart, and performed 
further research on materials. 
●  Design Process - Brainstormed ideas for 
design, performed risk assessments, and 
worked through a decision matrix.  
● Design Output - Purchased parts, material 
and a chassis, developed a SolidWorks 
drawing package, bill of materials, purchase 
order, system diagrams, verification plans. 
● Medical Device - Prototype of the 
wheelchair and drawing package will be 
delivered to our client. 
The team met every Monday, where the 
work was divided for the following week. 
Throughout the entirety of the design course, the 
location of the meetings consisted of BME Lounge. 
Due to the frequency of meetings, most of the major 
roadblocks we were able to tackle as a group. There 
was enough time to regroup, discuss, and strategize 
how to solve problems that would arise. The biggest 
hurdle arose when classes were suspended from 
being held right after the completion of the fourth 
stage, the Design Output stage. After this point, 
virtual meetings were held, where the scope of the 
project was further discussed.. Andrey took home the 
parts and materials to continue working on 
developing the final prototype of the wheelchair as 
Sofiya, Ahmad, and Hannah worked on other 
deliverables for the fifth and final stage.  
                                                                                                                                                 
IV.  Final Implementation & Deliverables 
During the first stage of the design process, 
several key customer requirements were followed 
until the end of the project. These key requirements 
are as follows: portability, collapsibility, compact 
dimensions, and lightweight. The idea was to develop 
a unique solution of a wheelchair which targeted 
several issues. The first was to provide a comfortable 
wheelchair for children ages four to thirteen. 
Secondly, the wheelchair should be collapsible and 
lightweight, for compactness and storage. Third, the 
wheelchair should be portable and carried with ease. 
From this point, unique solutions were found  to 
these problems, as we developed detachable straps 
for the adult to be able to carry the wheelchair as if it 
were a backpack. Key features were added  to 
accommodate for comfort, safety, and accessibility. 
Due to the age range of four to thirteen this created a 
large variance in height and weight, we ensured 
adjustable heights for a headrest and an adjustable 
seat belt. The image of the final prototype is on 
appendix F image 2. 
V.  Performance Test Results 
A. Testing Overview 
 Throughout the design and development of 
the pediatric wheelchair, the influence of design 
iterations was strongly based on verification and 
validation testing. The design verification plans and 
procedures were constructed in the design output 
stage of the FDA design process. Following,  the 
medical device/prototype stage of the FDA design 
process,  the validation plans and procedures were 
constructed. These testing plans and procedures were 
not conducted using the finalized wheelchair 
prototype, however, each testing plan and procedure 
will be discussed thoroughly in the following 
sections.  
B. Verification Testing 
 The verification testing that was chosen for 
the wheelchair was based on the engineering 
requirements that were derived from client needs 
stated during the user needs stage of the design 
process. In order to safely develop verification 
testing, ISO standards were followed during this 
process..  
 Using the development of a design 
verification matrix (see appendix A), a series of 
testing methods were derived including a static 
stability test, dimensional analysis testing, human 
condition testing, and basic measurement testing in 
order to consider future design iterations that fully 
meet the engineering and client requirements.  
 One of the main safety considerations during 
the design process of the wheelchair was the tipping 
angle that occurs when the medical device is placed 
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on an incline such as a wheelchair ramp with a given 
weight. In order to mitigate any unforeseen failures 
with the final design, a static stability test would be 
conducted [9].  For this test, two ISO standards 
needed to be followed; ISO 7176-01 for maximum 
tipping angle and ISO 7176-11 for test dummy 
standards [10]. This test would be completed in two 
orientations with the maximum and minimum 
anticipated weight capacities. The first orientation 
would be completed forward and the second, 
conducted rearward. The design of the static stability 
test would be fabricated using a platform in which the 
wheelchair will sit on, a stop bar behind the back or 
the front wheel depending on the test orientation, and 
a safety strap to prevent the wheelchair from tipping 
to maximum capacity. The first orientation of the test 
would be conducted forward with the brakes locked. 
The platform will be raised to a series of angles and 
the tipping of the chair will be evaluated with the 
maximum and minimum weight capacities. The 
second orientation of the test will be conducted in the 
rearward position with the brakes locked. Once again, 
this test is imperative in evaluating the weight 
capacity of the overall wheelchair and conducting a 
safety analysis based on the testing results.  
 The second verification testing procedure 
was measuring the wheelchairs dimensions and 
overall angles based on ISO 7176-05 [10]. The 
measurements for the length of armest, width of 
chair, height of backrest, angle of complete collapse, 
and angle of foot rest fold were all recorded. In the 
design verification matrix (See appendix A), the 
length, width, and height measurements can be 
viewed under test 2.0 and the angle tests can be 
viewed under test 4.2 and 4.3. These verification 
measurements will also be conducted in tandem with 
validation testing to ensure the collapsibility and 
comfort of all dimensions meet the customer needs.  
 The last category of the verification testing 
that would be conducted is the durability of 
components such as the footrest, armrest, headrest, 
and wheels. These tests would be conducted in a 
human condition environment in a repetitive nature, 
placing pressure on each component ideally until 
failure. At this point the maximum force that each 
component could withstand before failure would be 
recorded to assist in making design iterations to the 
materials, attachment methods, or weight capacities. 
A description of each test can be viewed under 
section 3.1-3.6 of the verification design matrix (see 
appendix A). Test 3.1 was a verification test that was 
able to be modeled and evaluated using a program 
called ANSYS workbench, where a finite element 
method was used to conduct an analysis of the 
maximum weight the base frame of the wheelchair 
would withstand (see appendix C). It was determined 
through this analysis that deformation of the frame 
with 100 pounds of force would begin at 16 MPa. 
This was a productive discovery due to the frame 
material being aluminum with an ultimate strength of 
290 MPa.  
 This set of verification tests is imperative in 
the design of the final prototype. The testing results 
also assist in the creation of safety measures that are 
placed in the FMEA prototype document (see 
appendix D).  
 
C. Validation Testing 
 Validation testing is the form of testing that 
includes the confirmation that the design meets the 
client needs. These needs were provided by the client 
during the user needs stage of the FDA design 
process. A list of the validation tests can be viewed in 
the design verification matrix.  
 The first set of validation falls under the 
category of intended use of the wheelchair. The client 
was clear in explaining the environment the 
wheelchair will be used in often consists of rough 
terrain, sky rise buildings with lack of elevators, and 
public transportation. These needs assisted in shaping 
the overall use of the wheelchair. These inputs 
display that the wheelchair must be able to safely and 
adequately transport a child up to the age of 13 in 
rough environments. Also, the wheelchair design 
should have the ability to travel with ease through 
living environments with the capability of being 
compact and collapsable.  
The validation of the user needs stated 
above would be conducted using human condition 
testing in simulated environments to determine if the 
prototype design is capable of withstanding such 
abilities. Once the testing were to be completed the 
client would be contacted with the results to validate 
the findings would be conducive for the requested 
needs.  
The validation of the portability of the 
wheelchair was also tested through human condition 
testing. The wheelchair was folded to the maximum 
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angled position and a tester placed the wheelchair on 
their back using the carrying straps and was able to 
safely and comfortably walk and transport the 
wheelchair with little issues. Ideally, this test should 
continue to be completed with a variety of people of 
all shapes and sizes to prove that the wheelchair is 
able to meet the use needs of comfort along with 
portability.  
 The second set of validation lands in the 
category of material requirements. The client stated 
the material used for the wheelchair must withstand 
porosity for reduction of irritation due to being in the 
chair for elongated time frames and the ability to 
remove and clean with ease. In order to adhere to 
these design needs, the chair cushions were created 
with removable polyurethane polyester. This material 
has porosity and non-slip characteristics that adhere 
to the client's needs. In order to further test this 
material, a spill test would be conducted to further 
evaluate the ability of the material to be cleaned and 
placed back on the chair. The client would be 
contacted with the results to validate the findings are 
appropriate for the user.  
Overall, the testing procedures for the 
verification and validation are placed into motion 
once the prototype has been assembled and valid 
results are able to be obtained. These results then 
assist in making design iterations for a final prototype 
that meets engineering and design needs.  
  
VI.  Progress 
 Throughout the course of the engineering 
design process, there were multiple decision matrices 
that were completed in order to assist in making the 
final prototype. During this process, it was concluded 
that multiple design ideas were out of reach in the 
broad canopy of the project. The first design 
consideration was building the wheelchair from the 
ground up, which included constructing an aluminum 
frame with working hinges for collapsibility. This 
idea was able to be modified by ordering a 
prefabricated wheelchair with a frame that was 
applicable to the further design iterations. The second 
design consideration was creating climbing wheels 
that could assist the user in getting the chair up and 
down stairs without needing to remove the child from 
the wheelchair. This was not able to be added to the 
project due to completing further design needs from 
the client that were of high priority. In order to assist 
the client in the portability of the wheelchair, a 
carrying strap was added in order to allow the chair 
to be carried up and down steps with ease.  
VII.  Financial Considerations 
From a financial standpoint the overall cost 
of the prototype is approximately $730. This price 
doesn’t include the cost of labor as all fabrications 
were completed by the student design team. One 
thing that stands out as a customer requirement, is 
that the product stays within the budget of $500. 
After viewing a breakdown of the costs in the Bill of 
Materials (BOM), (see Appendix B) the item that 
cost the most is the base of the wheelchair itself, 
costing 510$. That amount can be reduced by 
manufacturing the base of the wheelchair instead of 
purchasing it. Manufacturing the base would also 
remove the costs for other modifications such as 
seatbelt, backpack straps and headrest support.  
The major limitation that affected this 
project was time constraints. Given that this project 
had to be completed over the course of two semesters 
as well as the situation during the current semester, 
the time constraint changed the original idea of 
designing a frame and manufacturing it, to buying a 
frame and modifying it to fit the user requirements. 
Furthermore, having time constraints meant 
purchasing parts and materials at a higher cost to 
have them available within a certain time instead of 
buying them from other sources.  
VIII.  Summary Feasibility Discussion 
The design needed to be easily collapsible, 
compact,  lightweight, safe, comfortable, easily 
maneuverable  and transportable. The design 
demonstrates how the wheelchair is easily collapsible 
by lifting two hooks and lifting the seat upward, the 
collapsing process is quick, allowing the user to have 
adequate time when using public transportation.  
Furthermore, the wheelchair is very compact in size 
as it is roughly 20 inch wide. For the lightweight 
requirement the wheelchair design weighs around 
26.8lb  which places it in the ultra lightweight 
category. As for safety, the addition of a 4 point seat 
belt provides safety for both the chest and stomach 
area for the user as well as securing them firmly in 
the seat. To make the seat more comfortable 
additional padding was inserted in the seat cushion 
and was covered by a breathable material to reduce 
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the heat during prolonged use. The design used a 
wheel bracket that offered a 360° turn radius and thus 
making it easily maneuverable in most situations. 
Lastly, to make the wheelchair easy to transport the 
addition of backpack straps was made, allowing the 
caregiver to carry the wheelchair on their back, 
freeing their hands to carry the user or other 
necessities. The other mechanism is a carrying strap 
that provides the ability to carry the wheelchair like a 
briefcase on one side. The design team considers the 
product a prototype because it can fully demonstrate 
the feature of the design as well as be tested by the 
users.  
 
IX.  Future Work 
 Any future work will include the physical 
implementation of certain portions of the wheelchair 
that was not able to be completed. These are the 
implementation of the push-pin adjustable headrest 
feature as well as creating and inserting the side 
support. Lastly, the straps for holding the legs in 
place can be altered to be in the correct position. 
X.  Discussion, Lessons Learned, and Conclusion 
A. Discussion 
Throughout the design of the pediatric 
wheelchair, the iterations were strongly considered 
during the development phase of the FDA design 
process. One of the main roadblocks that was 
considered was the placement and attachment method 
of the new headrest that was created to withstand a 
variation of height adjustments for different sized 
children. Upon the placement of the headrest, the first 
design iteration was to weld two hollow aluminum 
posts vertically to the back frame of the wheelchair. 
Once the aluminum posts were welded to the frame it 
was discovered that placing any form of force on 
these posts would induce a large amount of stress on 
the weld points and the posts would break off. In 
order to mitigate this failure, a steel rod was welded 
roughly halfway between the two aluminum posts for 
further stability. Once this was added, force could be 
applied to the head rest without the potential of the 
weld points failing due to the stress. The headrest 
was then added using two aluminum telescoping rods 
into the already hollow placements rods. The height 
of the headrest was then tested using a 4 year old girl 
with a height of 42.5 inches tall. It was evaluated that 
the lowest adjustable point on the headrest was not at 
an adequate height for the head to be safely resting 
and supported. Based on the test, the second iteration 
of the headrest was completed by lowering the 
hollow welded aluminum rods by 4 inches. Once this 
design change was made, the lowest point on the 
headrest safely held the head in the upright position. 
This design change was handled very well by the 
team as the original height of the headrest was made 
as a group decision based off of the data for our 
engineering and customer requirement. Once it was 
determined that the design would need to be 
modified, it was a group decision to cut the headrest 
down in order to maintain the correct height.  
 
B. Division of work 
 The FDA design process during this project 
led to the discovery that not only was the fabrication 
of a medical device a key component to the process 
but also the division of work and the contribution of 
team members.  Each team member was assigned a 
lead role in the completion of the project including 
being expected to attend all group meetings, 
communicate through skype calls, or make up for 
missed meetings. Throughout the course of the one 
year project the group was able to sustain meeting 
twice a week, including the senior design class time. 
These meetings were productive and helpful when 
making advancements on the project. The length of 
the course was determined to be a substantial amount 
of time to complete the FDA design process and 
produce a prototype  however,  the circumstances of 
merging to online classes added a difficult time 
constraint.. During the course, purchasing requests 
were made with ease and the parts were delivered in 
a timely fashion in order to fabricate the final 
prototype by the set deadline.  
 During this the mentorship from professors 
and staff at The University of Akron was an 
irreplaceable resource that drove the group to 
success. There were lessons learned in time 
management, group exercises, group respect, 
designing, and following instruction. These lessons 
will help guide all members into the industry or 
future education  with a great deal of experience in 
the listed categories.  
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Appendices 
Appendix A: Design verification matrix 
Appendix B: Bill of Materials  
Appendix C: ANSYS workbench; finite element test  
Appendix D: FMEA prototype document 
Appendix E: CAD Drawings of the Medical Device  
Appendix F: Final Medical Device Prototype 
 
Appendix A: includes a design verification matrix where the testing number, plans, and procedures are displayed 
categorically.  
 
This Design verification matrix was used to determine the magnitude of each testing procedure and the results or 
potential results. It also displays the categories of verification and validation testing.  
 
 
Appendix B: includes a view of the bill of materials that was used to purchase parts for the final design prototype in 
the last step of the FDA design process.  
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The bill of materials was used to assist in purchasing designs made during the design process in order to complete 
the final prototype.  
 
 
 
 
Appendix C: includes the ANSYS workbench finite analysis method that was used to assist in testing the overall 
weight capacity of the frame of the wheelchair. 
 
 
 
These photos below are the example that was completed using the program listed above.  
 
 Image 1:    Image 2:                        Image 3:  
 
Image 1. includes the evaluation of the frame using a 100 pound weight capacity.   
 
Image 2. includes the test of total deformation at roughly 0.015 inches in the front of the center bar.  
 
Image 3. displays the total stress that is placed on the wheelchair with the 100 pound maximum weight. This force is 
16.3 MPa which is much lower than the ultimate strength of aluminum at 290 MPa.  
 
 
 
Appendix D: includes the risk analysis called the FMEA for the final prototype design.  
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Appendix E: CAD Drawings of the Medical Device  
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Picture 1. Assembly CAD drawing of the wheelchair 
 
Picture 2. Parts CAD drawing of the wheelchair. 
 
 
 
Picture 3. Headrest CAD part drawing. 
 
Picture 4. Headrest CAD part drawing. 
 
Picture 5. Side support CAD part drawing. 
 
 
Appendix F: Final Medical Device Prototype 
 
 
 
Image 1. Wheelchair prototype without extended hearest.  
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Image 2. Wheelchair prototype with extended hearest.  
 
Image 3. Wheelchair prototype headrest. 
 
Image 4. Wheelchair prototype headrest. 
 
 
 
 
Image 5. Seatbelt Restraints on the wheelchair prototype. 
 
Image 6. Wheelchair collapsed and on users back using straps. 
 
Image 7. Wheelchair collapsed and on users back using straps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
